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Abstract The basis of microjet technology is to produce laminar jets which when impinging the surface have
a very high kinetic energy at the stagnation point. Boundary layer is not formed in those conditions, while
the area of film cooling has a very high turbulence resulting from a very high heat transfer coefficient.
Applied technology of jet production can result with the size of jets ranging from 20 to 500pm in breadth and
20 to 100pm in width. Presented data are used in order to validate authors own semi-empirical model of
surface cooling by evaporating microjet impingement in the stagnation point. Main objective of this paper
was to investigate the physical phenomena occurring on solid surfaces upon impingement of the single
microjet in case of three fluids. Intense heat transfer in the impact zone of microjet has been examined and
described with precise measurements of thermal and flow conditions of microjets. Reported tests were
conducted under steady state conditions for surface cooling by single microjet producing an evaporating
film. Obtained database of experimental data with analytical solutions and numerical computer simulation
allows the rational design and calculation of microjet modules and optimum performance of these modules

for various industrial applications.
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1. Introduction

Accurate control of cooling parameters is
required in ever wider range of technical
applications. It is known that reducing the
dimensions of the size of nozzle leads to an
increase in the economy of cooling and
improves 1its quality. Present study describes
research related to the design and construction
of the nozzles and microjet study, which may
be applied in many technical applications such
as in metallurgy, electronics, etc.

Using liquids such as water, boiling is
likely to occur when the surface temperature
exceeds the coolant saturation temperature.
Boiling is associated with large rates of heat
transfer because of the latent heat of
evaporation and because of the enhancement
of the level of turbulence between the liquid
and the solid surface, Garimella and Rice
(1995). This enhancement is due to the mixing
action associated with the cyclic nucleation,

growth, and departure or collapse of vapour
bubbles on the surface. In the case of flow
boiling, such as boiling under impinging jets,
the interaction between the bubble dynamics
and the jet hydrodynamics has significant
effect on the rate of heat transfer. The common
approach used to determine the rate of boiling
heat transfer is by using a set of empirical
equations that correlate the value of the
surface heat flux or the heat transfer
coefficient with the fluid properties, surface
conditions, and flow conditions.

These correlations do not provide much
insight into the underlying physical
mechanisms involved in the boiling heat
transfer problem, Liu and Zhu (2002). The
alternative approach is to use mechanistic
models. There have been a number of
mechanistic models developed for the case of
pool boiling and for the case of parallel flow
boiling. In the latter case, the boiling heat
transfer phenomenon is more complicated due
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is determined by measuring current intensity
and voltage. During test s heater was capable
of dissipating up to 240W.

Additional four K-type thermocouples are

attached in the copper rod axis. These
thermocouples measure axial temperature
gradient at the core of a heating block and
control temperature of the heater. They are
connected to the National Instruments data
acquisition set. The signal from thermocouples
was processed with the aid of the LabVIEW
application. Heater operating power values are
precisely controlled and measured. The
applied power losses through conduction into
the insulation and radiation to the surroundings
are accurately calculated and accounted for in
all tests. Data are taken from a steady state
measuring points in order to exclude heat
capacity of the installation.
The nozzle construction allows modification
of its dimensions. In case of these studies
nozzle with hydraulic diameter of 75 pum was
used. Experiments were conducted for the
spacing of 50mm between the nozzle exit and
impinging surface. Because of limited power
supply, low water mass flux were used in
order to obtain wide range of surface
temperature.

3. Theoretical model

In the analysis of carried out experiments the
simple theoretical model of impinging liquid
microjet with phase change is presented.
Proposed is the model of heat transfer in the
stagnation zone, where liquid rapidly
evaporates due to contact with the hot surface.
The model is developed on the basis of known
pressure difference between the nozzle exit
and the stagnation point. As a result of
evaporation of impinging jet, there is formed a
vapour blanket on the surface. The dynamic
pressure is the way in which the nozzle
interacts with the surface, Apdzpud2/2. In the
analysis considered also could be the capillary
effect Apip=0/D (with D being the nozzle
diameter) and the hydrostatic pressure drop
Ap, =(p,—p,)eH (where H denotes the jet

suspension over the surface). The latter two
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have however been omitted in the present
analysis as they have been regarded as of
secondary importance. The total pressure
acting on the surface yields:

Apc = Apd +Apkap +Apg

The schematic of rapidly evaporating microjet
is presented in fig. 3. The radius on which the
spreading of liquid film is taking place can be
determined from the energy balance on the
element of the cooled plate, which reads:

q7[R2 =m, [hlv +cp(TSAT _To)]
From (1) the impingement radius reads:
R \/ i, (hy, +c,AT)
q

The applicability for further calculations of the
radius obtained from equation (3) has also
been confirmed experimentally in the course
of authors own experiment (Mikielewicz et al.
2009). In that study values or the range of
cooling of the surface, obtained from (3)
showed a very good consistency with
experimental findings. Substituting into that
equation the values of properties at
atmospheric pressure and ambient temperature
of 20°C (c,=4184.3 J/kg K, h,=2256.4 kl/kg,
and AT=80K, C=908.2) the obtained radius of
cooling was equal to 2.87mm, which agreed
very well with experimental finding for that
case when mass flow rate was 3x10~ kg/s and
heat flux g=3.0MW/m”.

In the analysis of the evaporating jet the
following assumptions were made:

J only a dynamic part of pressure
difference in (1) is acting on the jet,

. liquid temperature on the radius of
evaporation R is higher than saturation
temperature.

The mass balance on evaporation surface
yields:

dm, = iR’ddp, =dm, =27RS p,V,dr
Equation (4) enables to determine the
expression for estimation of the film thickness
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